1. Introduction {#sec1}
===============

Nitric oxide synthase 1 adaptor protein (NOS1AP), also named as CAPON, regulates the neuronal nitric oxide synthase (nNOS) activity and has an effect on nitric oxide (NO) release by binding N-methyl-d-aspartate receptors (NMDARs) \[[@B1]\]. Recent studies have shown that nNOS is also localized on insulin secreted granules in addition to neuronal tissues and can be activated by increasing intracellular calcium which is a known response to glucose stimulation on *β* cells \[[@B2], [@B3]\]. Several studies have suggested that both nNOS and NO are directly involved in insulin secretion as well as insulin resistance \[[@B4]--[@B7]\]. It was indicated that the interaction between nNOS and glucokinase (GCK) can affect GCK localization and activity and thus influenced glucose-stimulated insulin secretion (GSIS) in cultured *β* cells \[[@B4]\]. Furthermore, a novel mechanism for *β*-cell dysfunction has also been described in which nNOS, as a key protein linking cholesterol and glucose metabolism, can be dimerized to impair GCK activity and reduce GSIS on the insulin granules \[[@B8]\]. In addition, genetic studies have implied that the variations in *NOS1AP* are associated with reduced glucose lowering effect in sulfonylurea users as well as increased incidence of type 2 diabetes in patients taking calcium channel blockers \[[@B9], [@B10]\]. Though the studies on how the variants influenced the diseases were limited, one functional study showed that rs12742393 could affect *NOS1AP* gene expression through influencing transcription factor binding \[[@B11]\]. Our previous study showed evidence that rs12742393 in *NOS1AP* was involved in type 2 diabetes susceptibility in the Chinese population, with C allele as the risk allele (OR 1.17, 95% CI 1.07--1.26; *P* = 0.0005) \[[@B12]\]. However, the association was not replicated in the European descent \[[@B13]\].

Recently, with the development of genomics and bioinformatics, proteome is widely used to describe all the proteins as well as their various modifications regarding the impact of environment and other stimuli within the whole body. Proteomics allows global screening of complex samples and provides qualitative and quantitative evidence for altered protein expression. Based on the information and initial data, we hypothesized that rs12742393 of *NOS1AP*might have an effect on the development of diabetes in the Chinese population. To test this hypothesis, we investigate the different protein profiling according to the different genotypes (AA, AC, and CC) of rs12742393 by proteomics technology.

2. Materials and Methods {#sec2}
========================

2.1. Clinical Sample Collection and Preparation {#sec2.1}
-----------------------------------------------

Twelve healthy participants with normal glucose regulation were selected for proteomic investigation, including four CC homozygote, four AC heterozygote, and four AA homozygote individuals. However, we just selected CC and AA carriers for the final statistical analysis and validation, since they can be divided into two distinct groups based on the HCA and PCA. All the individuals for the proteomic analysis were matched strictly with age, sex, BMI, glucose, and lipid related parameters (HbA1c, fasting plasma glucose, OGTT-2 h glucose, triglyceride, total cholesterol, low density lipoprotein, and high density lipoprotein). Then forty-eight healthy participants with twenty-four CC homozygote and twenty-four AA homozygote carriers were included for western blot as well as ELISA validation. All these validation samples were matched with age, BMI, blood glucose, and lipid levels. Serum samples were collected in fasting state and then stored at −20°C before the analysis. The study was approved by the institutional review board of Shanghai Jiao Tong University Affiliated Sixth People\'s Hospital. Written informed consent was obtained from each participant.

2.2. In-Solution Digestion and Peptide OFFGEL Fractionation {#sec2.2}
-----------------------------------------------------------

The crude plasma was diluted and treated by the albumin-removal manipulation with some modifications to collect plasma proteins \[[@B14], [@B15]\]. Then the protein mixtures were handled as described to obtain the total peptide mixtures for identification \[[@B16]\]. For p*I*-based peptide separation, we used the 3100 OFFGEL Fractionator (Agilent Technologies, Böblingen, Germany) with a 12-well setup. Electrofocusing of the peptides is performed at 20°C and 50 *μ*A until the 100 kVh level was reached. All fractions were evaporated by centrifugation under vacuum and maintained at −20°C. Prior to MS analysis, samples were desalted by Empore C18 47 mm Disk (3 M).

2.3. Label-Free Shotgun Proteomic Identification {#sec2.3}
------------------------------------------------

Each fractionated peptide was dissolved in 20 *μ*L 0.1% formic acid and loaded into the RP column. RP-HPLC was performed using an Agilent 1100 Capillary system (Agilent Technologies) with C18 column (150 *μ*m i.d., 100 mm length, Column Technology Inc., Fremont, CA). The mass spectral data were acquired on a LTQ linear ion trap mass spectrometer (Thermo, San Jose, CA) equipped with an electrospray interface operated in positive ion mode. The mass spectrometer was set as one full MS scan was followed by ten MS/MS scans on the ten most intense ions from the MS spectrum with the following dynamic exclusion settings: repeat count, 2, repeat duration, 0.5 min, and exclusion duration, 1.5 min.

2.4. Database Searching and Protein Identification {#sec2.4}
--------------------------------------------------

All MS/MS spectra were searched using MASCOT algorithm against the human International Protein Index (IPI) database (version 3.73), in which each genuine protein sequence was followed by a reversed amino acid sequence. Carbamidomethylation (57.0214 Da) was searched as a fixed modification on cysteine, and oxidation (15.9949 Da) was set as a variable modification on methionine. Only one missing cleavage site was allowed. All output results were combined together using the in-house software named BuildSummary to delete the redundant data. Searches were conducted against the Human International Protein Index protein sequence database to control the false discovery rate at 1% and all spectral peptide count had a ΔCn score of at least 0.1. Finally, the NSFC (normalized spectral abundance factors) score was calculated for representing the abundance of each protein in the serum \[[@B17]\].

2.5. Western Blot Analysis of Four Proteins {#sec2.5}
-------------------------------------------

We additionally collected forty-eight serum samples with twenty-four CC homozygote and twenty-four AA homozygote carriers for western blot validation. 2 uL of each individual serum sample diluted to 1/40 with 2\*SDS was subjected to PAGE-gel electrophoresis, and then proteins in the gel were transferred to a nitrocellulose membrane (Whatman International Ltd., England). The membranes were incubated first with the appropriate primary antibodies overnight at 4°C (apolipoprotein A4 mouse mAb, \#5700 from cell signaling technology; keratin 10 rabbit polyclonal Ab, ab97764 from Abcam Ltd., Cambridge, MA; antialpha1-antichymotrypsin mouse mAb, LF-MA0166, AbFrontier; anti-HABP2 rabbit polyclonal Ab, ab81490 from Abcam Ltd., Cambridge, MA, resp.) and then incubated with HRP-conjugated secondary antibodies for 1 h. Signals were detected by enhanced chemiluminescence system (ECL-plus, Amersham PharmaciaBiotech). Gray scale of the protein bands was calculated using Image J software. To decrease the system discrepancy, we used GAPDH with 1 : 1000 dilution (GAPDH rabbit mAb, cell signaling 14C10) as the loading control. Relative levels of target protein in the serum were calculated by the proportion of density ratio of sample bands to that of the loading control band.

2.6. Enzyme-Linked Immunosorbent Assay (ELISA) Analysis {#sec2.6}
-------------------------------------------------------

Human apolipoprotein A4 (apoA4) ELISA kit (Cat. no. KT-50113, Kamiya Biomedical Company) and human alpha1-antichymotrypsin (alpha1-ACT) ELISA kit (Cat. no. KT-498, Kamiya Biomedical Company) were available to quantify the protein levels. Original and 1 : 2500 diluted serum samples were prepared for apoA4 and alpha1-ACT detection, respectively, and then standard procedures were followed by the instructions of each ELISA kit. The absorbance of each sample at 450 nm was recorded using a Bio-Rad microplate reader model.

2.7. Statistical Analysis {#sec2.7}
-------------------------

Data were shown as mean ± standard error (str) for normally distributed values. Differences between groups for normally distributed variables were compared using two-tailed *t*-test. All calculations were performed with SAS (version 8.0; SAS Institute, Cary, NC). A *P* value below 0.05 was considered statistically significant.

3. Results {#sec3}
==========

3.1. Semiquantitative Proteomic Identification in the Serum {#sec3.1}
-----------------------------------------------------------

We analyzed differential protein profile in three groups using shotgun proteomics and label-free quantitative strategy ([Figure 1](#fig1){ref-type="fig"}). The proteins were identified with criteria corresponding to an estimated false discovery rate of 1%. After combining the MS/MS data generated from all experiments, 62,523 peptide counts leading to identification of 1,725 unique peptides were assigned to 353 protein groups in twelve serum samples. For semiquantitative analysis, protein identified at least in seven samples was selected in our data.

3.2. HCA and PCA Presentation {#sec3.2}
-----------------------------

To visualize the global pattern related to type 2 diabetes, we used HCA and PCA in this study. As shown in [Figure 2](#fig2){ref-type="fig"}, HCA and PCA can completely divide the CC and AA carriers into two distinct groups. Therefore, we excluded AC group and only compared the other two groups (CC and AA homozygotes) to investigate the different protein profiling. Finally, 124 proteins were selected for statistical analysis and further validation between CC and AA groups (see Supplementary material (Table 1) available online at <http://dx.doi.org/10.1155/2013/357630>).

3.3. Clinical Data {#sec3.3}
------------------

Twelve subjects were selected for the proteomic analysis, but only eight subjects with four CC carriers and four AA carriers were selected for further validation based on the PCA and HCA results ([Table 1](#tab1){ref-type="table"}). Additional forty-eight samples were selected for western blot and ELISA validation, with twenty-four CC carriers and twenty-four AA carriers (Supplementary Table 2).

3.4. Statistical Analysis for Significantly Changed Proteins {#sec3.4}
------------------------------------------------------------

To obtain significantly changed proteins related to diabetes, the 124 proteins were ranked based on the quantitative data and showed that four proteins including apolipoprotein A4 (apoA4), alpha1-antichymotrypsin (alpha-1-ACT), keratin 10, and hyaluronan-binding protein 2 (HABP2) had a significant difference (*P* \< 0.05) between AA and CC groups. Compared with AA group, the levels of apoA4 increased (*P* = 0.000265), whereas the concentration of alpha1-ACT, keratin 10, and HABP2 decreased in CC group (*P* = 0.011116, 0.015661, and 0.021175, resp.). These four proteins are involved in the lipoprotein metabolism, acute inflammatory response, and epidermis development as well as cell adhesion ([Table 2](#tab2){ref-type="table"}).

3.5. Semiquantification Analysis by Western Blot {#sec3.5}
------------------------------------------------

ApoA4, alpha1-ACT, keratin 10, and HABP2 were validated by western blot in additional serum samples from twenty-four CC homozygotes and twenty-four AA homozygotes. The integrated densities of all the target proteins were normalized by GAPDH. No significant differences were replicated in any of the four proteins by western blot. However, the differences of keratin 10 showed some trend between CC and AA groups (*P* = 0.067).

3.6. Quantification Analysis by ELISA {#sec3.6}
-------------------------------------

In order to determine the levels of four proteins as identified by LTQ, ELISA was used to analyze human apoA4 and alpha1-ACT levels (ELISA kits available) in expanded serum samples (*n* = 48, the same as used in western blot). All the absorbance was adjusted by the standard blank calibrate sample and the target protein concentrations were calculated according to the formula derived from the standard calibrators. However, no significant differences were observed in either of the two proteins between the two groups.

4. Discussion {#sec4}
=============

In this study, the RP-HPLC-MS/MS coupled with quantitative analysis strategy was applied to investigate the different protein profiling of rs12742393 genotypes in *NOS1AP*. The present study investigated the possible function of *NOS1AP* using proteomic analysis for the first time.

Our data showed an increasing level of the apoA4 in the CC homozygote carriers, while it showed decreasing levels of alpha1-ACT HABP2 as well as keratin 10 compared with AA homozygote carriers. These proteins were involved in lipoprotein metabolism, acute phase of inflammation or infection, and cell proliferation or migration, as well as epidermis development, which might contribute to the development of diabetes.

Apolipoprotein A4 (apoA4), secreted by small intestine in response to fat absorption, contributed a lot to lipid absorption, reverse cholesterol transport \[[@B18]\], anti-inflammatory response, \[[@B19]\] and, particularly, glucose homeostasis. For example, apoA4 had a direct effect on enhancing glucose-stimulated insulin secretion in pancreatic islets. ApoA4 knockout mice also showed impaired glucose tolerance and insulin secretion while exogenous apoA4 administration to apoA4^−/−^ mice could improve glucose tolerance through increasing insulin secretion \[[@B20]\]. Moreover, genetic variants in apoA4 also indicated an association with fasting glucose levels \[[@B21]\]. Therefore, apoA4, the only upregulated protein in the risk allele carriers in our research, might have an association with type 2 diabetes through the interaction with NOS1AP (or nNOS). The mechanism should be elucidated by other functional studies.

Alpha1-antichymotrypsin (alpha1-ACT) is an acute phase protein produced in the liver, which is induced during inflammation response. Elevating levels of alpha1-ACT were observed in the hepatocellular carcinoma patients using 2D-LC MALDI-MS/MS \[[@B22]\]. Moreover, recent studies have confirmed that IL-1*β* could modify IL-6-induced acute phase protein production, such as alpha1-ACT, through a complex intracellular crosstalk between STAT3 and NF-*κ*B-mediated signal transductions \[[@B23]\]. This evidence might provide us some new perspectives to find the internal links between alpha1-ACT and diabetes.

Hyaluronan-binding protein 2 (HABP2) is an HA-binding extracellular serine protease, which is involved in the extrinsic pathway of blood coagulation and fibrinolysis. Although HABP2 is mainly produced in the liver, many studies have demonstrated its expression in pulmonary endothelium cells, which contributed a lot to the lung injury \[[@B24]--[@B27]\]. Up till now, no direct evidence has linked HABP2 with diabetes; however, its ligand, hyaluronan, has been suggested to interact with CD44 and PKC and reduce inflammation in diabetic nephropathy mice \[[@B28]\]. Our data showed a decreased HABP2 level in CC carriers, which might give us some hints to find the crosstalk between this protein and diabetes.

Keratin 10 is a member of the type I (acidic) cytokeratin family, which belongs to the superfamily of intermediate filament (IF) proteins. Due to its classic role in the epidermis development, mutations in *KRT10* were associated with epidermolytic hyperkeratosis \[[@B29], [@B30]\]. However, keratin 10 also had an interaction with both protein kinase B (PKB) and atypical PKC*δ*, which could impair the activation of the kinase and inhibit their intracellular translocation \[[@B31]\]. As we know, PKB and PKC pathways could regulate glucose homeostasis; thus, the impairment of PKB and PKC*δ* by keratin 10 might induce potential metabolic disorders \[[@B32], [@B33]\]. Further research should be performed to elucidate the mechanism.

Overall, it was the first time to investigate the potential function of susceptible variant to type 2 diabetes using proteomic technology. We found four proteins that might associate with the mechanism of diabetes. However, the intrinsic interaction between these proteins and NOS1AP and the mechanism by which rs12742393 in *NOS1AP* mediated still need further research to elucidate. In addition, the results of proteomic analysis were not replicated in western blot or ELISA in the expanded samples; thus, we could not totally exclude the "false positive" of proteomic analysis. The reasons that we did not validate the results in neither western blot nor ELISA were probably due to the minor differences in clinical characteristics between the two sets of subjects (subjects for proteomic analysis and for validation analysis). For example, BMI of the subjects in the proteomic analysis (mean BMI \> 26 kg/m^2^) is higher than that in the validation analysis (mean BMI \< 24 kg/m^2^); thus, it might have an effect on the glucose and lipid metabolism potentially. In addition, sex should be also taken into consideration in the analysis. Therefore, we should match the glucose and lipid related traits more strictly to exclude the interpretation besides increasing the sample size. However, as what we described in the method, the quality controls of the proteomic analysis were strict; thus, we believed that the proteins that showed significant differences between the two groups were not just an incidental result. Therefore, it might be due to the different characteristics between the two sets of subjects and limited samples in the validation analysis. More samples should be involved in the study to perform the validation test.

We detected four proteins showing significant differences between CC and AA carriers of rs12742393 in *NOS1AP*. Although we failed to validate these differences in the large sample cohort, we suggested that these four proteins might associate with the development of type 2 diabetes in subgroup of patients through the crosstalk with NOS1AP protein, which might provide us a new perspective to the mechanism of type 2 diabetes.

Supplementary Material {#supplementary-material-sec}
======================

###### 

Supplementary table 1 showed the detailed information of the 124 proteins after proteomic analysis. All MS/MS spectra were searched according to the human International Protein Index (IPI) database (version 3.73). In addition, the abundance of each protein in the serum was represented with NSFC (normalized spectral abundance factors) score. Supplementary table 2 showed clinical characteristics of the CC and AA carriers for western blot as well as ELISA validation. Subjects in these two groups were matched with age, BMI, glucose and lipid related parameters.

###### 

Click here for additional data file.

###### 

Click here for additional data file.
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![Flow chart of the study.](JDR2013-357630.001){#fig1}

![Global relationships were visualized by performing "hierarchical cluster analysis" (HCA (a)) and "principal component analysis" (PCA, (b)) according to the significantly changed proteins. AA1-AA4 and CC1-CC4 represent the eight samples for proteomics analysis.](JDR2013-357630.002){#fig2}

###### 

Clinical characteristics of the four CC carriers and four AA carriers.

  ---------------------------------------------------------------------
                         CC genotype\    AA genotype\       *P* value
                         (risk allele)   (nonrisk allele)   
  ---------------------- --------------- ------------------ -----------
  Male/female            4/0             4/0                \>0.05

  Age                    54.0 ± 4.06     54.25 ± 0.48       0.9550

  BMI (kg/m^2^)          26.28 ± 0.83    26.38 ± 0.56       0.9244

  FPG (mmol/L)           5.01 ± 0.15     5.01 ± 0.17        0.9831

  2 h glucose (mmol/L)   5.32 ± 0.33     5.68 ± 0.44        0.5413

  HbA1c (%)              5.7 ± 0.12      5.8 ± 0.29         0.7620

  TC (mmol/L)            4.98 ± 0.40     5.0 ± 0.38         0.9652

  TG (mmol/L)            1.74 ± 0.39     2.63 ± 0.28        0.1136

  HDL (mmol/L)           1.01 ± 0.11     1.10 ± 0.07        0.5329

  LDL (mmol/L)           3.23 ± 0.31     3.24 ± 0.35        0.9919
  ---------------------------------------------------------------------

Data were shown as mean ± str.

FPG: fasting plasma glucose; HbA1c: glycated hemoglobin A1c; TC: total cholesterol; TG: triglyceride; HDL: high density lipoprotein; LDL: low density lipoprotein.

###### 

Identification of proteins with significant differences between CC carriers and AA carriers based on NSAF value.

  IPI ID       Protein name                   CC carriers mean NSAF   AA carriers mean NSAF   *P* value
  ------------ ------------------------------ ----------------------- ----------------------- -----------
  00009865.4   Keratin10                      −8.038                  −6.938                  0.015661
  00847635.1   Alpha-1-antichymotrypsin       −6.037                  −5.501                  0.011116
  00304273.2   Apolipoprotein A4              −8.339                  −11.107                 0.000265
  00746623.2   Hyaluronan-binding protein 2   −9.435                  −8.623                  0.021175

NSAF: normalized spectral abundance factors.
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